Abstract
(Ag) nanoparticles (AgNPs) and the synthetic hormone 17α-ethinylestradiol (EE2) on tissue 23 uptake of both these contaminants in juvenile turbot (Scophthalmus maximus). Silver uptake and 24 tissue distribution (gills, liver, kidney, stomach, muscle and bile) were analyzed following a 14- 
Exposure

165
To mimic a realistic environmental exposure scenario in a coastal area, the fish were exposed in 166 a pulsed exposure mode in which the fish were exposed every day for 2 h for 14 days. Exposure AgNPs used in the present study were surface stabilized with PVP, a PVP treatment group 172 exposed to the maximum PVP concentrations expected in AgNP groups was also included.
173
Exposure solutions were prepared daily from stock solutions prior to exposure. For the combined 174 exposure groups, AgNPs and EE2 were mixed together shortly before each exposure start. Each 175 treatment was conducted in triplicates (3 tanks, n=15 fish per treatment), except for PVP which 176 was performed in duplicates (2 tanks, n=10 fish per treatment), resulting in a total number of 177 n=115 fish in the experiment (Fig 1) . The water inflow was cut off temporarily during the 2 h 178 exposure duration and re-opened thereafter. Oxygen saturation and ammonia concentrations in 179 the water were monitored to ensure good water quality and avoid additional stress to the fish (Fig   180   S1 , S2). were taken both at the start (h=0) and at the end (h=2) of the exposure, and further on 1 h, 2 h 188 and 22 h after re-starting the water flow (Fig 2) . The samples were taken from the bottom of the Bremen, Germany) (see supporting information for more detail). for the HC-AgNP and Ag + groups, respectively (Fig 2 a) . This was approximately 66 % lower likely due to Ag adhesion to tank walls (Fig 2 a,b) . After re-installing the water flow, (Fig.1a) . Following this period, the pattern of the decrease in the EE2 288 concentrations in the exposure water followed the same concentration decrease pattern as Ag 289 (Fig 2 a,b) . Thus, 24 h after the start of the exposure, exposure (or water?) concentrations were < 290 1 µg L -1 (AgNP) or 1 ng L -1 (EE2). The concentrations in the control tank were always below the 291 LOD (Fig 2 a,b) . Although exposures were repeated daily, no increases of the contaminant levels concentrations during exposure are shown in the supporting information (Fig S1, S2 ).
296
Nanoparticle characteristics and behavior in seawater
297
TEM-imaging showed that the PVP-coated AgNPs had a spherical shape and an average size of 298 13 nm (Fig 3a) . The average hydrodynamic diameters (DLS; nr. based; 10 mg L -1 ) were 69±0.4 approximately 15% after 20 h (Fig 3c) . No spectral shift of λ max was detected (Fig 3c) . In AgNP and Ag + exposed fish, Ag was detectable in most tissues despite the relatively short 323 daily exposure duration (2 h), each followed by a depuration period that occurred within the 324 static exposure time, and after the exposure was ended (Fig 4, Tab S1 ). In the AgNP exposed gills compared to the group exposed to Ag + (Fig 4) .In contrast, Ag accumulation was higher in 333 the stomach of the Ag + -exposed group as compared to the HC-AgNP+EE2 (p=0.033) treatment 334 group. In liver, Ag concentrations were slightly, however insignificantly higher in fish exposed 335 to HC-AgNP and HC-AgNP+EE2 as compared to the Ag + -exposed group. No differences 336 between these groups (or all groups?) were detected in kidney, bile and muscle (Tab S1). In concentrations in the present study can be explained by the pulsed exposure regime, which was 370 followed by a daily depuration phase. Average plasma EE2 levels were similar in HC-371 AgNP+EE2 (0.31 ng g -1 ) compared to LC-AgNP+EE2 (0.26 ng g -1 ) and EE2 exposed fish (0.27 372 ng g -1 ) (Fig 5a) .
373
Induction of the egg yolk precursor protein Vtg is often used as a biomarker of exposure to 374 estrogenic substances such as EE2 in oviparous organisms such as teleosts (Heppell et al., 1995) .
375
In the present study induction of Vtg, determined as plasma Vtg levels, was similar in male and 376 female fish. Concentrations of Vtg were significantly higher in the HC-AgNP+EE2, LC-
377
AgNP+EE2 and EE2 exposure groups compared to the control and PVP exposed groups (Fig   378   5b ). In contrast to plasma EE2 concentrations, Vtg concentration was not significantly higher in 379 fish exposed to only EE2 compared to Vtg concentrations in fish exposed to the AgNP+EE2 380 mixtures (Fig 5b) . were thus approximately two times higher in males than in females (Fig 6) . In controls, T was 397 only detectable in male fish at an average concentration of 0.12 (LOD-0.28) ng g -1 (Tab S2).
398
Previously reported androgen levels (AN, T) in juvenile turbot were slightly higher than in the 399 present study but in a comparable range (Labadie and Budzinski, 2006 In the PVP exposed turbots, the plasma AN concentrations in male and female fish were 406 notably, although insignificant 2 times higher than in the control fish (Fig 6b) . In addition,
407
average T concentrations were 4.5 times higher in PVP exposed male fish (0. In female fish, the group exposed to EE2 had significantly lower DHEA concentrations 416 compared to controls (p=0.031) and PVP exposed fish (p=0.037) (Fig 6 a) . Following EE2 417 exposure, AN was slightly lower in male fish than in the control controls (Fig 6 b) , although no 418 difference in plasma T was detected compared to the control fish. This is in agreement with Even though the results of the present study show no significant impact of AgNPs on EE2 423 uptake (Fig 5) , combined exposures to EE2 and HC-AgNP caused deviation from homeostasis in 424 two plasma steroid hormones. Similarly to females exposed only to EE2, DHEA concentrations 425 in females exposed to the HC-AgNP+EE2 mixture were significantly lower than in the control 426 females (p=0.007) and the PVP exposed females (p=0.01) (Fig 6a) . In addition, in fish exposed 427 to HC-AgNP+EE2, AN concentrations were < LOQ in 67% of the male fish and 100% of the 428 female fish (Fig 6b) . While no significant effect on E1 concentrations was observed in EE2-only 429 exposed fish, levels of E1 were < LOQ in HC-AgNP+EE2 exposed females, while there were no used for male fish, whilst small letters are used for female fish.
